. In our experiments, bulk tunnelling is expected for the measurements of the straight segments. Fitting the high-temperature data for the two straight segments yields similar exponents a 0:34 and 0.35, which gives a value of g < 0:22 using the above expression for bulk tunnelling. This g value agrees with theoretical estimates 17, 18 and with that reported for ropes 16 and clearly indicates the strong electron±electron interactions in SWNTs. Having established that both straight segments are LLs, we expect that the conduction process between the middle two contacts takes place via end-to-end tunnelling between the two LLs as well as tunnelling in and out of the two LLs through the contacts. However, the end-to-end tunnelling dominates the energy dependence of the process. Substituting the above g value into a end±end g 2 1 2 1=2, an exponent of 1.8 is expected for the tunnelling conductance across the junction. Fitting the experimental data with a power law yields a 2:2, which is indeed close to this value. This analysis is not based on any presumed g value (which is sample-dependent). The self-consistency of bulk and end-to-end tunnelling thus provides strong evidence for the Luttinger model.
We have also measured large-bias I±V characteristics across the M±M junction at different temperatures, which provide an independent veri®cation of the LL theory. As is evident from Fig. 4a , the I±V curves are nonlinear at all temperatures. The current is expected to increase as V a+1 for eV q k B T. We consider the differential conductance which, assuming a constant tunnelling amplitude across the junction, is predicted to satisfy a scaling function:
Here a is the end-to-end tunnelling exponent and ¡ and ª are the gamma and digamma functions respectively. For a 2, a good approximation (exact when a 2) of the above expression is given by dI=dV~T a 1 3eV=2pk B T a , which clearly shows the expected power-law behaviour at large bias. The expression suggests that if we scale dI/dV by T a and V by T, then curves obtained at different temperatures should all collapse onto one universal curve. This is shown in Fig. 4b for our experimental data. The scaled conductance is constant for small V but crosses over to a power law for eV=k B T . 3. Its behaviour is qualitatively similar to the theoretical scaling function (dashed line) in Fig. 4b . The deviation at large bias may be explained by a reduced voltage drop and/or a reduced tunnelling amplitude across the kink (see Fig. 4 legend) . Overall, however, end-to-end tunnelling between two LLs seems to capture the main physics of the observed data. Open metal±organic frameworks are widely regarded as promising materials for applications 1±15 in catalysis, separation, gas storage and molecular recognition. Compared to conventionally used microporous inorganic materials such as zeolites, these organic structures have the potential for more¯exible rational design, through control of the architecture and functionalization of the pores. So far, the inability of these open frameworks to support permanent porosity and to avoid collapsing in the absence of guest molecules, such as solvents, has hindered further progress in the ®eld 14, 15 . Here we report the synthesis of a metal± organic framework which remains crystalline, as evidenced by Xray single-crystal analyses, and stable when fully desolvated and when heated up to 300 8C. This synthesis is achieved by borrowing ideas from metal carboxylate cluster chemistry, where an organic dicarboxylate linker is used in a reaction that gives supertetrahedron clusters when capped with monocarboxylates. The rigid and divergent character of the added linker allows the articulation of the clusters into a three-dimensional framework resulting in a structure with higher apparent surface area and pore volume than most porous crystalline zeolites. This simple and potentially universal design strategy is currently being pursued in the synthesis of new phases and composites, and for gas-storage applications.
The tetranuclear supertetrahedral cluster motif shown in Fig. 1a is adopted by a number of metal carboxylates (acetate, benzoate and pivalate), where combination of Zn 2+ and the appropriate carboxylic acid yields the oxide centred cluster as a distinct and wellde®ned unit 16 . Working towards an extended network based on this cluster, we viewed its Zn±O±C motif as a secondary building unit capable of assembly under similar reaction conditions but in the presence of a dicarboxylate instead of a monocarboxylate. Our earlier work 18 involving the copolymerization of 1,4-benzenedicarboxylate (BDC) with metal ions pointed to its rigid, planar, and divergent attributes, which, when coupled with the rigidity of this secondary building unit, would be ideally suited in forming the target extended three-dimensional framework shown in Fig. 1b .
We found that diffusion of triethylamine into a solution of zinc (II) nitrate and H 2 BDC in N,N9-dimethylformamide (DMF)/ chlorobenzene resulted in the deprotonation of H 2 BDC and its reaction with Zn 2+ ions. A small amount of hydrogen peroxide was added to the reaction mixture in order to facilitate the formation of O 2-expected at the centre of the secondary building unit. Elemental microanalysis of the resulting colourless cubic crystals suggested that their formula was Zn 4 O(BDC) 3 ×(DMF) 8 (C 6 H 5 Cl); here we call this material MOF-5, where MOF indicates metal organic framework. The presence of DMF and chlorobenzene guests was con®rmed by solid-state 13 C NMR, which showed sharp characteristic peaks at the chemical shifts expected for the carbon atom resonances of these guests. Ion mass spectrometry, performed on the liberated guest vapours as the material was heated from 22 to 350 8C, showed their respective parent-ion masses.
An X-ray single-crystal diffraction study on the as-synthesized materials reveals the expected topology (Fig. 2) . The structure may be derived from a simple cubic six-connected net in two stages: ®rst, the nodes (vertices) of the net are replaced by clusters of secondary building units; second, the links (edges) of the net are replaced by ®nite rods (`struts') of BDC molecules. The core of the cluster 6 cluster. We note that a related zinc phosphate structure exists 17 , in which the C atoms are replaced by the P atoms of PO 4 tetrahedra, which serves to link the clusters together. The important step taken in the present work is the replacement of the O 2 ±P±O 2 phosphate links by O 2 ±C± C 6 H 4 ±C±O 2 (BDC)`struts', to give an extended network having a three-dimensional intersecting channel system with 12.94-A Ê spacing between the centres of adjacent clusters.
The framework atoms in MOF-5 take up only a small fraction of the available space in the crystal. If overlapping spheres with van der Waals radii (1.5, 1.2, 1.7, 1.5 A Ê for Zn, H, C and O, respectively) are placed at the atomic positions, the space not so occupied is 80% of Figure 3 Nitrogen gas sorption isotherm at 78 K for MOF-5 (®lled circles, sorption; open circles desorption). P/P 0 is the ratio of gas pressure (P) to saturation pressure (P 0 ), with P 0 746 torr. the crystal volume. The non-framework space is divided into two types of cavity lined with C and H atoms. The centre of the smaller of these has 24 H atoms at 7.10 A Ê and 24 C atoms at 7.97 A Ê ; the centre of the larger (Fig. 1 ) has 72 C atoms at 9.26 A Ê and 48 H atoms at 9.47 A Ê . The aperture joining the two cavities has 8 H at 5.10 A Ê and 8 C at 5.70 A Ê from its centre. Allowing for the van der Waals radii, spheres of material with diameter 15.1 A Ê and 11.0 A Ê could ®t in the large and small cavities, respectively, and the aperture would admit the passage of a sphere of diameter 8.0 A Ê . Assuming the same molar volume as in the respective liquids, we ®nd that in the original material the guest moleculesÐ8 3 8 DMF 1 C 6 H 5 ClÐhave a volume of 9,512 A Ê 3 , which is 55% of the unit cell volume. Indeed, we show below that 55±61% of the space is accessible to guest species. Due to their high mobility, the guests can be fully exchanged with chloroform. More signi®cant is that all the chloroform guests can be evacuated from the pores within 3 h at room temperature and 5 3 10 2 5 torr without loss of framework periodicity. In fact, the desolvated single crystals were checked by elemental microanalysis, 13 C NMR, mass spectrometry, and thermal gravimetry to con®rm the absence of any guests, while optical microscopy was used to show that they maintained their transparency, morphology and crystallinity. This has allowed us to perform another X-ray singlecrystal diffraction study on the fully desolvated form of this frameworkÐa study that revealed mono-crystallinity with cell parameters and atomic positions coincident with those of the assynthesized material. In fact, the highest peaks and lowest valleys in the DF map are 0.25 and -0.17 electrons per A Ê 3 scattered randomly both near the framework and the void space. These contrast with the relatively large values (1.56 and -0.45 electrons per A Ê 3 ) found in the as-synthesized crystals.
Further evidence for the stability of the framework was obtained by heating the fully desolvated crystals in air at 300 8C for 24 h, which had no effect on either their morphology or crystallinity as evidence by another X-ray single-crystal diffraction study. Here again, the cell parameters obtained were unaltered relative to those found for the unheated desolvated crystals, illustrating the rigidity and stability of the framework in the absence of guest molecules. These results are interesting as the density (0.59 g cm -3 ) of the desolvated crystals is among the lowest recorded for any crystalline material.
To evaluate the pore volume and the apparent surface area of this framework, the gas and vapour sorption isotherms for the desolvated sample were measured using an electromicrogravimetric balance (Cahn 1000) set-up and an already published procedure 18 . The sorption of nitrogen revealed a reversible type I isotherm (Fig. 3) , with concordant results obtained with large crystals (0.2 mm) and microcrystals (30 mm). The same sorption behaviour was observed for argon and organic vapours such as CH 2 Cl 2 , CHCl 3 , CCl 4 , C 6 H 6 and C 6 H 12 . Similar to those of most zeolites, the isotherms are reversible and show no hysteresis upon desorption of gases from the pores. Using the Dubinin±Raduskhvich equation, pore volumes of 0.61±0.54 cm 3 cm -3 were calculated and found to be nearly identical for all adsorbates shown (Table 1) , which indicates the presence of uniform pores. Assuming a monolayer coverage of N 2 (which may not be strictly correct with such large cavities) the apparent Langmuir surface area was estimated at 2,900 m 2 g -1 . Zeolites, which generally have higher molar masses than Zn 4 O(BDC) 3 , have pore volumes that range from 0.18 cm 3 cm -3
for analcime to 0.47 cm 3 cm -3 for zeolite A 19 .
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